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INTRODUCTION 
Probably in no field of biology is reasoning from 
analogy depended upon more than it is in human physiology to 
answer the questions which constantly arise in the mind of the 
investigator. This is particularly true of that phase of 
respiration which attempts to explain the apparent secretion 
of oxygen into the blood at low oxygen tensions. The secretion 
theory has found much favor with certain physiologists and in 
briefly presenting their case in his Text Book of General 
Physiology (1932 ) Mitchell has said �s a point in its favor, 
"Glands of the s wim bladders of many species of fishes secrete 
oxygen under high pressure into the swim bladders". In a full 
discussion of this question Powers (1932) has shown that gases 
are not secreted into the sWim-bladder in the true sense of 
that ter.m, and that, "The secretion of oxygen into the lungs 
might still be an open question. But, on the other hand, the 
deposition of gases into the swim-bladder cannot be used as an 
illustration of a mechanism by which this is accomplished." 
Thus in this case, as with many other physiological problems, 
it will be necessary to extend our knowledge of the physiological 
process in other forms of animal life if conclusions based upon 
the.m are to be accepted as valid. 
It has been shown by Powers and Hiclanan ( 1932 ) that the 
oxygen dissociation curve for the blood of certain fishes shows 
two depressions as the carbon dioxide tension to which the blood 
1. 
is exposed increases. The first depression they attribute to 
the lack of affinity of hemoglobin for oxygen at its isoelectric 
point. This is shortly followed by a rise Which continues until 
the carbon dioxide tension is about 1.2,% of an atmosphere, after 
which there is a second depression. It is suggested by Powers 
and Hickman that, "The second depression is perhaps due to the 
actual breaking down of hemoglobin into its intermediate products." 
The series of experiments which have been performed 
were designed to investigate the changes which take place 
in the swim-bladder gas and the blood of fish when exposed to 
small variations in carbon dioxide tension. It was thus hoped 
to learn something of the physiological activities of the fish 
when in a habitat whose carbon dioxide tension is close to the 
isoelectric point of the blood� 
2 .  
' 
MATERIAL 
One species of fish. Lepomis pallidus (Mitohill). the 
common blue bream. was used throughout this series of experiments. 
About five hundred �re gotten fra.m the Chilhowee Park lakes in 
the fall and brought to the University. Fifty of these were put 
in a small artificial pool at the Biology Building and the 
remainder in the ..tmming pool at the University Hospital. Ex­
periments 0 through 29 were pertor.med on the fiSh kept at the 
Biology Building. 
During the very cold weather of February t he 
hospital swtmming pool remained frozen tor four weeks to a depth 
of six to eight inches. Every effort was made to keep the ice 
broken around the edges of the pool so that fish could be 
obtained for continued experimentation. None of these efforts 
pr oved �ery successful; and when the pool was finally freed fro.m 
ice • it was found that not more than fifty fish had survived and 
could be used. These were removed to the Biology Building and 
kept in the artificial pool already referred to. These were the 
fish used in experiments 30 through 50. 
Experiments 51 through 94 were performed with fish 
obtained fro.m the Chilhowee Park lakes in the middle of March; 
those used in the experiments were kept at the Biology Building. 
3 .  
METHOD 
A. Deter.mination of gas content of water. 
1. Oxygen content. Dissolved oxygen was determined by 
the Rideal-Stewart (1901 ) modification of the Winkler method as 
approved by the American Public Health Association and the American 
Water Works Association (1933). The method was slightly modified 
in that two 100 ml. samples were titrated £ram eaoh 250 ml. bottle, 
rather than titrating a single 200 ml. sample; and the sodium 
thiosulfate solution was made up approximately . 01 N., instead 
of . 025 N. When titrating a 100 ml. sample of water for oxygen 
content, no correction was made for the displac�ent of water by 
the addition of reagents as t�e error thus introduced was within 
that of the method. 
The thiosulfate solution was standardized against 
potassium permanganate, its normality being determined as .0099 . 
One milliliter of such a solution is equivalent to . 0554 ml. of 
oxygen at standard conditions. Since 100 ml. samples were used, 
the total oxygen per liter is found by multiplying the number of 
milliliters of thiosulfate used by the factor .554. 
2. Carbon dioxide content. The Van Slyke gas analysis 
apparatus (Van Slyke and Neill, 1924) was used for the determinations 
of total carbon dioxide. Samples of water were draw.n slowly £ram 
the bottom of the experimental tanks into special tonameters 
fitted with two two-way stop-cocks. Fram these tonameters samples 
were delivered to the extraction chamber of the Van Slyke apparatus 
according to the procedure described by Brook. (1934 ). 
4. 
Gas-free .015 N. HCl was used for the extraction of 
carbon dioxide. A KmAll amount of thymol blue, pH range 1.2 to 
2. 8  and 8.0 to 9.6, was added to the acid when it was prepared. 
By noting the color of the solution in the extraction ch�ber 
during liberation and measurement of carbon dioxide (red ) and the 
change in color upon introduction of 1 ml. of 5 N. NaOH for ab­
sorption of carbon dioxide (yellow to blue ) no doubt existed in 
either case as to the reaction of the extraction chamber solution. 
Throughout the experiments 5 ml. samples of water were 
used, 5 ml . of acid being used for extraction of carbon dioxide, 
thus maintaining a constant volmne of solution, or "S", at 10 ml. 
All pressure readings ware made with a gas volume of .5 ml. 
With 5 ml. gas-free HCl in the extraction chamber, and 
a mercury seal at the top stop-cock, the 5 ml. sample was admitted 
through the side arm. A Torricellian vacuum was obtained by 
lowering the mercury in the extraction chamber to the 50 ml. mark • . 
The solution was then shaken for three minutes to extract carbon 
dioxide. Mercury was re-admitted and the meniscus of the solution 
raised to the .5 ml. mark. At this point P1 was read. The level 
of the solution was again allowed to fall near to the 50 ml. mark 
and 1 ml. of 5 N. NaOH was admitted slowly into the extraction 
ohRmber . The operation required from thirty to forty seconds; 
after which a mercury seal was again made at the top of the extraction 
chamber, and the level of the solution was returned to the . 5  ml . 
mark by admission of mercury. At this point the P2 reading was 
made. 
5. 
A correction factor is necessary for the P2 reading 
due to the addition o f  1 ml. of 5 N. NaOH, which lowers the 
mercury level in the extraction chamber by increasing the volume 
of fluid above the mercury between the mercury meniscus and the 
gas mark. This in turn lowers the mero'!lry level in the manometer. 
1-his correction is determined by blank analyses which give the 
difference in the actual P2 reading and what it would have been 
had the volume not been increased by the addition o f  1 ml. of 5 
N. NaOH. This correction was found to be 3.7 mm. with the ex-
traction chamber used in this work. when the gas voluine is .5 ml. 
and the volume of solution 10 ml. By adding this correction to 
the P2 reading and subtracting the total from P1, P002 is obtained. 
On multiplying this reading by the appropriate temperature factor. 
the volume per cent of carbon dioxide is obtained. 
Since there were no factors available for calculating 
volume per cent of carbon dioxide under the conditions o f  these 
deter.minations, it was necessary to calculate a table of factors 
using the formula of Van Slyke and Neill (1924). These factors 
will be found in Appendix I� 
B. Determination of carbon dioxide tension. 
Total carbon dioxide content of a water as determined 
with the Van Slyke gas analysis apparatus is not a true measure 
of this·faotor as it af.fedts the respiration of fishes. Neither 
can the alkali reserve be taken as an index of the gaseous tension 
to which the blood of the fish is exposed as it passes through the 
gills. A more satisfactory method of arriving at this important 
data is through application of the for.mula of Powe�s and Bond 
(1928)to tliree pH readings. These readings are made at two known 
6 .  
different carbon dioxide pressures and on the undisturbed water. 
The mass action equation for dissolved carbon dioxide 
tension may be written as the equation of the Power Law and 
reduced to the linear for.m 
log CB s n log (Kk
g
asP) (I) 
Here CH is hydrogen ion concentration, n the rate of change 
in log (KkgasP) with a change in �ydrogen ion concentration, 
K the primary ionization constant of carbonic acid, K gas 
the solubility factor of carbon dioxide, and P the carbon dioxide 
tension of the liquid expressed in per cent of an atmosphere. 
Kkgas varies in absolute value for each natural water 
necessitating the introduction of a correction factor e1• 
Furthermore, since hydrogen ion concentrations met with in 
biological work are less than unity it is convenient to express 
them as the log of the reciprocal, using the sign pH to indicate 
this. With these changes equation (I) becomes, 
pH = -n(log P + log (Kkgas) + e1) (II) 
Since both log(Kkgas ) and e1 are unknown and together may be 
taken as equal to e ,  this value may be substituted in equation 
(II) and by rearranging we have, 
. pH = -ne -nlogP (III) 
Powers (1930) has shown that for waters of the Holston 
and Clinch rivers the value of n is equal to .9836. This is very 
probably close to the value of n for the laboratory tap water 
used in these experiments, as the source of this water is the 
Tennessee river for.med by the junction of the Holston and French 
Broad a few miles from Knoxville. Assuming this value of n to be 
7. 
correct for the water used, two equations may be set up thus 1 
pH(aerated) • -ne -.9836 log.00035 
pH(unaerated) a -ne -.9836 logP 
The value .00035 is substituted for P in the first equation because 
air is .035 per cent carbon dioxide. Subtracting the second equation 
fro.m the first and rearranging, 
.9836 logP c .9836 log.00035 + pH(aerated)-pH(unaerated) 
Dividing through by .9836 and introducing the log of 760(barametric 
pressure in millimeters of mercury e.t standard conditions) on the 
right we have 1 
log Pmm = -3.45593 +fpH(aerated2-pH(unaerated)] + 2.88081 t .9836 
where log Pmm is the log of the carbon dioxide tension in millimeters 
o£ mercury. This equation becomes, 
log Pmm = -.57512 + rpH(aerated)-pH(unaerated)] 
t, .9836 
and in this for.m was used to determine the carbon dioxide tensions 
of the experimental waters at the t�e of the death of the fish. 
C. Alkali Reserve. 
McClendon {1917) has described as a measure of the 
alkali reserve of a water the amount of .01 N. HCl required to bring 
the pH of a 100 ml. sample to 4.2. This method was followed, ·using 
Brom-Cresol-Green as indicator. 
D. Determination of hemoglobin. 
Hemoglobin estimations were made with the Newcomer 
hemoglobinometer. As originally described (Newcomer, 1919) it 
consisted of a amall Duboscq Colorimeter in which the dppth of 
the diluted blood sample meing examined was varied until the light 
a. 
transmitted by the sample matched that transmitted by a special 
yellow glas�. In this work the Newcomer Hemoglobin attachment 
s upplied by the Bausch and Lomb Optical Company for their Duboscq 
Colorimeter No. 2502 was used. This consists of a s pecial yellow 
glass filter, the absorption curve of which runs as mean through 
that of acid hematin; and a special blue filter for the eyepiece which 
cuts off most of the light waves greater than 5000 i , thus 
eliminating two weak bands forming a depression from 5000 i to 
5800 X. A special mixing pipette for making blood dilutions 
of 1/500 and 1/250·, and a conversion chart for translating 
millimeter readings into grams of hemoglobin are also supplied. 
E. Swim-bladder gas es. 
Carbon dioxide and cr.xygen of the swim-bladder were 
determined with the large laboratory model of the Haldane gas 
analysis apparatus (Haldane, 1920 ed. ) with some modifications 
as suggested by Carpenter (1915). 
The gas samples were s tored in tonometers under 
9. 
s light positive pressure until the analyses were run. All determinations 
on swim-bladder gases were made by Miss Lula Mae Shipe of the 
Department o£ Zoology • 
..• 
PROCEDURE 
The experiments were performed in groups of three. At 
least two hours, and us ually much longer, before a series of ez­
periments was begun the fish to be used were transferred from the 
small artificial pools at the rear of the Biology Building to a 
tank in the laboratory. The water in this tank was constantly 
aerated with a slow stream of compressed air and approximated room 
temperature. 
In these experiments ten large glass bottles with a 
volume of about forty-eight liters each were used. The necks were 
cut off a few centimeters below the top so that they could be 
fitted with a number 15 rubber stopper. This gave an opening large 
en�ugh �o permit easily the admission o f  all fish. The total 
volume of each tank, minus the water displaced by its rubber 
stopper, was accurately determined. 
Before a series of' experiments was beiun the tanks 
�re thoroughly washed and rinsed several times. Tap water was 
allowed to run until its temperature had become relatively 
constant, after which the tanks were filled. The water in each tank 
was then aerated f'or·thirty minutes, · using a blower which drew air 
from the outside.· Following aeration, the water in each tank was 
stirred f'or thirty minutes with a mechanical s tirrer fitted to an 
electric motor. The same procedure was followed closely with each 
tank, which insured as nearly uniform conditions as possible as to 
gaseous content, pH,and temperature of the water. 
10. 
Samples of water for oxygen, carbon dioxide, alkali reserve, 
and carbon dioxide tension determinations were taken from each 
tank. Th� oxygen of the samples was fixed at onoe; i.e., all 
reagents were added except concentrated sulfuric acid for iodine 
liberation. Carbon dioxide samples were stored under pressure and 
alkali reserve samples kept in Pyr�x glass-stoppered bottles until 
they could be run. The pH's of two samples were determined oolori­
metrioally, one sample being undisturbed and the other aerated. 
Two other samples were saved for comparison at the end. Depending 
upon the conditions of the experiment; fish were put in the tanks 
at once, or after known volumes of carbon dioxide or sodimn hydroxide 
were added. 
Tonometers, whose volumes had been determined gravimetrically 
with distilled water at 23° C., were used for the addition of 
carbon dioxide. These were first filled with water which was then 
allowed to flow out. This was to prevent variations in the amount 
of carbon dioxide added to the different tanks of one series of ex­
periments due to vapor pressure effects. After the first tonometer 
of gas was added to the first tank this factor was necessarily 
introduced as the technique followed resulted in water being forced 
through the tonometer for absorption or the carbon dioxide. The 
tonometers were filled with c arbon dioxide by displacement of 
mercury and the gas pressure brought to atmospheric pressure by 
opening one of the stop-cooks for a few seconds. The tonometer 
was then suspended in a tank of water, and water slowly forced 
through it with a rubbe� bulb fitted with valves so that the flow · 
11. 
was in one direction only. This was continued until a volume of 
water several times that of the tonometer had been forced through 
it. The tonometer was then taken almost completely from the water 
and the water in it allowed to run back into the tank. 
The volume of carbon dioxide added was corrected to standard 
conditions after the vapor pressure corredtion was made. Variations 
in barometric pressure during the ttme required to add· carbon 
dioxide to three tanks was negligible. as were temperature changes . 
The amount of gas added to each tank in each set of experiments was , 
therefore , assumed to be constant. 
The first 15 experiments , 0 �hrough 29, were performed with 
two fish in each tank; the rest with one fish in a tank. Neither 
carbon dioxide nor sodium hydroxide was added in experiments 9 
through s. 30 through 32, 42 through 44, and 51 through 53. 
Carbon dioxide in varying amounts from 27.8 ml. to 166.8 ml. (volumes 
uncorrected ) was added to all other experiments exclusive of 72 
through 94. The purpose of this was to increase the initial carbon 
dioxide tension of the water bathing the fish's gills. In other 
oases , in order to reduce the initial carbon dioxide tension mf the 
water , and to alter its final tension , equal volumes of .098 N.  
NaOH were added to the three tanks of each experiment. The volumes 
varied from 10 ml. in experiments 72 through 74 to 60 m.l. _in ex­
periments 87 through 89. 
Immediately after adding gas or alkali to a tank a fish �s 
put in and the tank tightly stoppered to prevent exchange of gases 
with the atmosphere by diffusion. The time was noted and an effort 
12. 
made to obtain some idea of the physiological state of the fish 
as indicated by its respiratory rate. It was found that the 
respiratory rate increased as the death point approached, until 
a few hours (one to four) before it died the rate might be three 
or even four times as great as the normal rate. About an hour 
before the death point the fish would begin violent movements 
around the tank and the respiratory rate would rapidly drop. 
Through noting these points, an effort was made to remove all fish 
from the water as soon as their last respiratory movements had 
ceased but before the heart had stopped beating. 
Upon the death of a fish (or upon the death of the first 
fish in experiments 0 through 29) oxygen, carbon dioxide, carbon 
dioxide tension, an� alkali reserve samples �re obtained from 
the water. These were treated as were the s�e samples at the 
beginning. In order to determine wheth�r the pH change in the 
water was due solely to changes in carbon dioxide tension or to 
other substances (e.g., organic material ) a sample of water saved 
from the beginning was aerated along with one procured at the end. 
Almost invariably there was found to be no difference in the pH of 
the two samples. 
The fish was removed fra.m the water and a sample of its 
blood obtained by introducing a needl• into the conus arteriosus 
and withdrawing the blood into a small syringe. The syringe had 
been oxalated previously with 1% potassium oxalate to prevent 
clotting; oxalate solution was drawn into the syringe and as much 
of it as possible ejected. That remaining on the walls of the 
13. 
I 
�inge was allowed to evaporate. The blood so drawn was ex­
pelled into one of the cup s of a porcelain out side-titrating 
plate. The blood was then drawn into the di luting pipette 
and di luted to a volume of 1/500 or 1/250 with 1% HCl. The 
acid hematin solution in the pipette was allowed to run into 
a clean te st tube and stand for at least thirty minutes before 
the determination of hemoglobin wa s  made. 
The final operation was that of obtaining the gas of the 
swim-bladder. the scheme used consi sted of two tonometers 
attached to the same ringstand and connected with each other by 
heavy pressure tubing. A needle was fir.mly fixed to the free 
outlet of the lower tonometer. During the actual operation of 
obtaining the gas the entire system was immersed in water to 
insure the admission of no ai r with the gas sample. 
The lower tonometer wa s filled with mercury from the upper 
one, the fi nal filling being done with the top atop-cook of the 
upper tonometer closed. This e stablished a ne gative pre ssure in 
the system. When the needle of the lower to nometer was introduced 
into the swim-bladder , either from the front through the swim­
bladder membrane after removal of the viscera, or through the 
side (which proved a more sati sfactory method) , and the stop-
cook ot the free end of the lower tonometer (now under water ) 
opened, the gas ru shed into the lower tonometer. The stop-cock 
was the n c lo sed and the upper tonometer raised as high as po s sible 
on the ringstand. The stop-cock of the free end of the upper 
tonometer wa s opened and a very definite po sitive pressure was 
1-i. 
thus established on the trapped gas. The lower tonometer was 
out off from the upper one by clo sing the stop-cock at the end 
oonnedted to the heavy pressure tubing. The tonameter was dis­
connected and set aside for gas analysis. 
The fi sh was finally weighed and all data recorded . 
15. 
DISCUSSION OF DATA 
The results of the experiments performed are given in Tables 
I to V. Five tables have been prepared inasmuch as five variable 
factors have been considered, viz.: carbon dioxide tension and 
oxygen co�ent of the experimental water at the time of the death 
of the fish, the per· cent carbon dioxide and oxygen of the �­
bladder, and hemoglobin of the blood in grams per 100 ml. 
E4ch variable factor appears as the base for one table; the 
data for it having been arranged according to increasing values, 
with all other data arranged in reference to the base. Figures 
have been prepared for all tables. Thus it is possible to com­
pare easily any one factor with all other factors, both in 
tabulated form and graphically. The advantage of this arrangement 
is that an apparent relation between two factors can be tested by 
examining the figures for both. If a real correlation does exist, 
it will be shown by a similar trend in the points plotted along 
the ordinate in the figures for both factors. This is more 
fully explained by the discussion of the following paragraphs. 
The data of the factor used as the base for any particular 
table is plotted along the abscissa; the four remaining variables 
are plotted along the ordinate. Thus Table I is arranged according 
to inor�asing values in carbon dioxide tensions of the water, as 
determined at the conclusion of the experiments; and in Figure I 
carbon dioxide is represented along the abscissa all other factors 
along the ordinate. 
16. 
In the figures the points plotted represent the averages 
of all points which fall within a certain range along the 
abscissa. It will be seen upon inspection of the figures that 
this range has been kept as .5 of the abscissa unit in every 
case. Thus in Figure 1. all ordinate values for the points of 
each variable between carbon dioxide tensions of 0 to • 5 mm • •  
• 5 to 1.0 mm • •  1.0 to 1.5 mm • •  etc •• have been averaged and 
these points only plotted. This has been done to simplify the 
figures. since the variables are represented by 80 to 94 points 
each; and to more clearly show the trends indicated in these 
experiments. The points plotted have been joined with solid 
or broken lines in different colors or in black. This has been 
noted on eaoh figure. Beside each point plotted is a small 
figure. This indicates the number of points along the ordinate 
which were averaged to obtain the plotted point. 
TABLE I. 
This table is arranged on the basis of increase in carbon 
dioxide tension of the experimental water. Oxygen content of 
the water in milliliters per liter is given in the second column. 
hemoglobin in grams per 100 ml. of blood in the third., �d per 
cent carbon dioxide and oxygen of the sw±m-bladder in the fourth 
and fifth columns. Blank spaces in this table·. e.nd in the others 
to follow. indicate failure to obtain blood or swim-bladder gas. 
In the case of hemoglobin estimations, 10 of the 94 fish used 
were lost. This was due chiefly to the fact that in these oases 
the fish had been dead several hours. ·Gas analyses were run on 
17. 
samples from 81 fish, 13 being lost through faulty technique in 
obtaining the gas or in analyzing it, chiefly the former. 
An examination of Figure 1 shows that with an increase in 
the carbon dioxide tension of the water there was : (1) a decrease 
18 . 
in the amount of oxygen left in solution, (2) an increase in the 
carbon dioxide of the swim-bladder, (3) an increase in the hemoglobin, 
(4) and perhaps an indication that there is an increase in the 
oxygen of the swim-bladder. The figure also shows that the carbon 
dioxide tens ions of the waters in these experiments cover a very 
narrow range, 1 to 6 mm. mercury. This correspon4s to a carbon 
dioxide partial pressure range of .13 to .!l4 % of an atmosphere 
as compared with the normal carbon dioxide partial pressure of 
.035 % of an atmosphere. 
Powers and Hickman (1932) found that the isoelectric point 
of the blood of the yellow cat, Letops olivaris (Rafinesque), 
was passed when the carbon dioxide content of the blood was in­
creased from .2% to .6.% of an atmosphere. Observations on the 
blood of the blue cat, Ictalurus punctatus (Rarinesque) , and the 
German carp , Cyprinus carpio Linnaeus ,indicate that the per cent 
carbon dioxide of the blood increases �th an increase in carbon 
dioxide tension of the water (Powers, Hopkins and Hickman, 1932). 
With the carbon dioxide tensions met with in these experiments 
we are dealing with fish whose blood is close to or sl ightly on 
the acid side of the isoelectric point. This is of particular 
interest when the curve for oxygen left in solution at the time 
of the fish's death is examined, Figure 1. These results show 
that as the carbon dioxide tension of the water increases the 
amount of oxygen extracted from the water becomes greater. i.e., 
the fish could more readily obtain oxygen at the high carbon 
dioxide tensions than at the low tensions. Hickman (1929) has 
shown that as the carbon dioxide tension of the water increases 
the amount of oxygen extracted becomes less, i.e., the fish could 
more readily obtain oxygen at law carbon dioxide tensions. The 
apparent difference is understandable when the conditions of the 
two series of experiments are compared. 
The carbon dioxide tensions Hickman employed were con­
siderably higher than those met with in these experiments; thus 
perhaps the he.moglobin of the fish she was working �th was 
actually broken down into its inter.mediate products and the 
oxygen capacity of the blood reduced. On the other hand ,  in 
these experiments the increase in carbon dioxide was of such 
a degree that apparently the hemoglobin was carried a small way 
on the acid side of the isoelectric point. Under these conditions 
the blood increased its oxygen earring capacity. which it does 
not begin to lose again with increases in carbon dioxide tension 
until the tension is about 1.4% of an atmosphere (Powers
. 
and 
Hickman. 1932). 
The increase in carbon dioxide of the swi�bladder which 
is evident in Figure 1 is doubtless due to the increase in 
carbon dioxide tension of the water, and therefore of the blood. 
Since the diffusion o� gases into the swim-bladder of the fish is 
governed by the same physical laws which govern the diffusion of 
gases through any permeable membrane, it follows that as the carbon 
dioxide tension of the water. and hence of the blood, is increased, 
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there would be more carbon dioxide deposited in the swim-bladder. 
£he curve for hemoglobin shows a marked trend upward as 
the carbon dioxide tension or the water is increased. It has been 
shown (Powers and Shipe, 1932) that the red corpuscles of the blue 
cat, Ictalurus puncaatus (iafinea�e ) , increase with an increase 
in the carbon dioxide tension or the water. What the stimulus is 
that calls forth an increase in the red blood cells or the 
hemoglobin or fish blood with an increase in the carbon dioxide 
of the water remains to be deter.mined. 
From an examination of Figure 1 alone it is evident that 
there is a tendency toward an increase in oxygen in the �bladder 
with an increase in carbon dioxide tension. This is not associated 
with the oxygen tension of the water, which decreases with an 
increase in carbon dioxide tension. ( This will be clearer after an 
examination or Figure 2, based on oxygen increase in the water ) . 
Neither is the increase related to that or the carbon dioxide of 
the swim-bladder, which has been discussed. Evidently the increase 
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in �bladder oxygen is due to the increase in carbon dioxide tension 
of the�blqod� because or the higher tensions of carbon dioxide in the 
water. or to the upward.trend of the hemoglobin curve. None o£ the 
other tables nor figures, particularly Figure 5 (based on increase 
in hemoglobin ) support the latter view. The explanation possibly 
lies in the shift to the right that occurs in all oxygen dissociation 
curves upon being exposed to higher carbon dioxide tensions at the 
same pressure of oxygen. This, however, does not appear to apply 
to the experiments under consideration for it seems that the 
increase in carbon dioxide here is of such a degree that the 
blood would more tenaciously hold its oxygen. as has already been 
shown, (Pa.ge 19 ). The question of' increased oxygen deposition in 
the �bladder at higher carbon dioxide tensions is discussed 
more fully elsewhere in this thesis, (Pa.ge 32). 
TABLE II. 
The same general arrangement is followed in this table as in 
the t1rst except t�t the first and second columns have been 
reversed in position, and the table is arranged according to in-
crease in oxygen left in solution when the fish died. Figure 2 
is a graphic representation of this table, with the data averaged 
as has already been described. 
The same relation noted under Table I between carbon dioxide 
tension of' the water and oxygen content is evident in Figure 2; 
i.e • •  as the oxygen left in water increases. there is a decrease 
in the carbon dioxide tension of' the water. This further supports 
the position that the increase in oxygen in solution is due to the 
inability of' the blood to load fully as the isoelectric point is 
neared. 
The relation between oxygen of' the water and carbon dioxide 
tension is closely followed by per cent carbon dioxide in the 8Wim-
, 
bladder. That is. with an increase in oxygen remaining in solution 
the carbon dioxide tension of' the water decreases and so does the 
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carbon dioxide of' the swim-bladder. This again points to the 
conclusion reached in regard to this point under Table· t, (Page 19). 
Apparently no relation exists l?etween oxygen o:f the swim­
bladder and the oxygen of the water. B�croft's (1928) oiygen 
dissociation curves of human blood exposed to varying carbon 
dioxide tensions show that, e�en with relatively high carbon 
dioxide tensions such as 20 mm. , hemoglobin is 5Q% saturated 
at an oxygen partial pressure of 20 mm. and is 85% saturated 
at 40 mm.· Powers and Hickman (1932) showed that at a carbon 
dioxide tension o:f 2.% of an atmosphere (o!er twice that met with 
in any of these experiments) the blood o:f the yellow oat, 
Le�tops olivaris (Ratinesque) is very nearly saturated with oxygen 
at 20 to 30 mm. oxygen pressure. The inference from these curves 
is that with blood normally very nearly saturated even at 
relatively low oxygen pressures, the tension o:f the gas in the 
blood, and hence its tendency to diffuse into the swim-bladder, 
will be more markedly affected by othe� factors (such as carbon 
dioxide tension or nature of the hemoglobin) than by the oxygen 
tension o:f the water. 
Oxygen tension o f  the water does not have much effect on 
the hemoglobin or the blood o:f the blue bre�, Lepomis pallidus, 
(Mitchill), an examination of Figure 2 will show. A slight 
tendency toward a decrease in hemoglobin with an increase in oxygen 
in solution is possibly evident. Such a relation would be in 
@gree.ment wi�h observations made on the effect of oxygen tension 
on the red corpuscles of the blue cat, Ictalurus punctatus, 
(Rafinesque), (Powers and Shipe, 1932). 
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TABLE III. 
The arrangement of data in Table III is with reference to 
the increase in carbon dioxide of the swim-bladder. In the 
second and third columns of the table are listed per oent oxygen 
of the swim-bladder and carbon dioxide of the water. Oxygen 
content of the water and hemoglobin appear in the last two columns. 
The relation between carbon dioxide tension of the water 
and the carbon dioxide content of the �-bladder which was 
noted under Table I is evident here. That is. an increase in 
per cent carbon dioxide of the swtm-bladder shows a definite 
increase in the carbon dioxide tension of the water. As was 
pointed out under Table I, it is the carbon dioxide content.of 
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the swim-bladder which follows the carbon dioxide tension of the 
water, because of the resul.ting changes in the carbon dioxide tension 
of the blood. However, the data of Table III, as presented 
graphically in Figure 3, lend other support to this position since 
they show that increasing oarbon dioxide contents of the swim­
bladder are directly associated with higher carbon dioxide tensions 
of the water in all oases except two. These two points are the last 
on the graph for carbon dioxide tension and represent only three 
actual experiments. 
Similarly the relation pointed out between oxygen.in the 
water and carbon dioxide of the swim-bladder, Figure 2, is further 
supported here, viz., that an increase in carbon dioxide of the 
swim-bladder is related to a decrease in oxygen of the water. 
These factors are not, however, correlated in themselves but appear 
to shaw a correlation since they are tied together by the factor of 
carbon dioxide tension of the water. This directly bears upon the 
carbon dioxide of the blood. That is6 an increase in carbon dioxide 
content of the BWim-bladder may be looked for with an increase in 
carbon dioxide tension of the water; and this, bringing about a 
decrease in oxygen of the water at the end of the experiment 
apparently shows a decrease in oxygen of the water with an increase 
in swim-bladder carbon dioxide. 
Inspection of Figure 3 shows a general upward trend in 
hemoglobin with an increase in carbon dioxide of the swim-bladder. 
This, as with the case of oxygen in the water, is not directly 
correlated with the carbon dioxide of the swim-bladder, but with 
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the carbon dioxide tension of the water, and therefore the carbon 
dioxide tension of the blood. Apparently a fall in oxygen of the 
swim-bladder follows to some extent an increase in the carbon dioxide 
of the swim-bladder. 
TABLE IV. 
Table IV is arranged on the basis of increasing oxygen of 
the swim-bladder. Carbon dioxide of the swim-bladder appears in 
the second column, the rest of the arr�nt being as in Table 
III. Figure 4 is a graphic representation of this table. 
No distinct relations between oxygen of the swim-bladder and 
the other variables are evident in Figure 4, though an upward trend 
in carbon dioxide tension of the experimental water is indicated 
as the oxygen of the swim-bladder increases. 
TABLE V. 
The data of Table V are arranged according to increase in 
hemoglobin of the blood. Columns two and three give data on 
carbon dioxide tension and oxygen content of the water • with 
carbon dioxide and oxygen of the �-bladder follo�ng in the 
last two columns in order. 
A definite increase in carbon dioxide tension of the water 
with increase in he-moglobin is evident from Figure 5. This , 
however, as has been pointed out is because of the effect of 
carbon dioxide tension of the water on the carbon dioxide tension 
of the blood. 
It may be seen from Figure 5 that no relation can be 
demonstrated between the oxygen content of the water and an in­
creawe in hemoglobin of the blood. An upward trend in carbon 
dioxide of the swim-bladder follows the increase in carbon dioxide 
tension of the water. and hence appears to follow the increase in 
hemoglobin. 
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A definite decline in the oxygen of the swim-bladder follows 
the increase in hemoglobin plotted as the base or Figure 5 .  This 
has been referred to under Table I. Both oxygen of the swim-bladder 
and hemoglobin appear to increase with an increase in the carbon 
dioxide tension of the water . In the discussion of Figure 4 it was 
pointed out that an increase in oxygen of the s�-bladder shows 
no corresponding increase in hemoglobin. It is evident , therefore, 
that hemoglobin and oxygen ot the swim-bladder are not correlated, 
but that wherever they appear to be so it i s  because a third factor 
ties them together. This probably i s  carbon dioxide tension of the 
blood. 
Certain other data on the composition of the swim-bladder 
gas in normal fish as co.mpared with the gas of the fish used in 
these experiments have not been presented in table for.m. Analyses 
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on the gas of ten normal fish, that is, fish which were taken directly 
from the artificial pool at the Biology Building showed an average 
carbon dioxide content of 2.02% and an average oxygen content of 
7.7Q%. Averages on the composition of the swim-bladder gas in 
81 experimental fish show a carbon dioxide content of 2.07% and 
an oxygen content of 4 . 8�. Apparently the oxygen content is 
subject to greater variation under variations in the carbon dioxide 
tension of the water than is the carbon dioxide content of the 
swim-bladder. 
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CONCLUSIONS 
The essential difference in the respiratory mechanism of 
gill breathers and lung breathers is that the former have an open sys• 
te.m, whereas the lung breathers have more or less a closed system. 
Apparently there is no means whereby gill breathers may alter the gas 
tensions to which their gills are subjected (Hall . 1931). For this 
reason it would be expected that n.riations in the gaseous content of 
the water bathing the gills of an aquatic form would be reflected in 
pronounced physiological adjustments on the part of such an animal� 
Similar variations would be less likely to affect lung breathing an­
imals, since their respiratory mechanism is such that the composition 
of the alveolar air can be maintained more nearly constant; 
In lung breathing animals the alveolar carbon dioxide par­
tial pressure is determined by.the rate of carbon dioxide production 
and the depth and rate of inspiration; and is independent of the baro­
metric pressure of carbon dioxide, since the air is essentially a 
vacuum for this gas. This is of prime iaportanoe in a consideration 
of mountain siolaless among lung breathing forms. Thus Barcroft has 
shown (1928) that acapnia is not the cause of the deficiency of carbon 
dioxide nor the increased alkalinity of' the blood met �th at high al­
titudes� 
The pH of the blood of a given individual appears to be 
very constant, although in different individuals the va.riation may be 
f'rom 1;25 to 7��5 (Van Slyke, 1921). The consistency of' this reaction 
is due to the ability of the blood as a physiologioal-pbysioo-ohe.mioal 
• 
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system to maintain the proper H2co3jBuco3 ratio. At the pH of the 
blood this ratio in a solution buffered with sodium bicarbonate is 
1/20. At the carbon dioxide partial pressure of al Teolar air , -iO mm. , 
3 volumes per cent of carbon dioxide will be dissolved. Thus to main­
tain the proper pH of 7 .35 , the ratio o£ acid to salt will be 3/60. 
It is now generally reoognised that the e ssential cause of 
mountain sickness  is  a diminution in the axygen in the air inspired 
(Haldane , 1927 ) . With a decrease in the alveolar oxygen partial pres­
sure the alkali reserve of the blood is  too high ,  as compared to the 
pressure of oxygen. Respiration is  augmented and carbon dioxide blown 
ott to excess .  T o  maintain the proper acid-alkali ratio under this 
condition the amount of alkali in the blood must be diminished , and this 
accordingly happens with a passage of alkali out of the blood. The fac­
tor through which oxygen and alkali interact is unknown, and at one 
time the term "respiratory X" was applied to it by Yandell Henderson; 
He has since stated , though, that the use of , "  • • •  such a term. as 'respir­
atory X' is  merely a confession of ignorance" (l925 ) . The essential 
point of interest in this discussion is that a lowered oxygen partial 
pressure induces a lowering in the alkali of the blood in lung breathing 
forma . There is  no reason to deny that such is  probably t� of fish� 
When applying principles which have been accepted in regard 
to human blood to other bloods , it must be kept in mind that the hem.o-
globins of different forms of life show marked differences in their 
dissociation curves over the same ranges of oxygen partial pressure 
(Barcroft , 1928 , and Powers and Hickman, 1932 ) . Figures on the blood of 
the soup given Barcroft by Hall and Gray (Barcroft , 1934 ) , " • • •  sho'W8d a 
variation in the hydrogen ion concentration of the blood between oH of 
0-8 -7 -3xl and of 2 .5xlO ,i .e. , a variation not of 22 per oent but or 800 
per cent. " This variation, expressed in terms of pH , means a normal 
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range of 6 .60 to 7;52 , a s  compared with a range of 1;25 to 7�4:5 in man� 
In these experiments fish have been exposed to various car-
bon dioxide tensions for periods ranging from 48 to 72 hours on the aver-
age . The highest tensions met with have been slightly less  than 6 mm� 
mercury, or about �'7% of e.n atmosphere J while the lowest tensions at 
the end of the experiments have been about 1 .  3 mm� mercury, or �2% of 
an atmosphere. Throughout the period of each experiment the oxygen 
content of the water eonstantly decreased , and at the end was reduced to 
�4 to - . 5 ml. per liter on the average. 
It has been show.n that the carbon dioxide tension of the 
water regulates the carbon dioxide content of the blood of the blue oat , 
Ictalurus pUBCtatus , and the German carp , Cyprinus carpio (Powers , Hopw 
ld.ns , and Hickman, 1932 ) ;  The exact relation existing between carbon 
dioxide content of the blood and carbon dioxide tension is not known ,  
either for blood or any other buffered solution� Presumably there ia an 
increase in the tension with an increase in the total oar bon dioxide con-
tent . Enough is. known ,  though, to justify the general oonolusi<?n that 
with an increase in the carbon dioxide tension of the water there will 
be e.n increa.ae in the carbon dioxide tension of the blood of the fish; 
With a.n increase in the carbon dioxide tension of the exper-
imental water it is  apparent that there is a.n increase in the hemoglobin 
o£ the blood. This is in agreement with the findings of Powers and 
Shipe on the blood o£ the blue cat: lfhat the stimulus is  in this case is  
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not known. though 1 t may be suggested that the increased carbon di• 
oxide tension of' the blood acts as a chemical stimulus to the endothel• 
ial cells of the red marrow. It is suggested by Evans (Starling ' s  �ysi• 
olog • 1933 ) that the stimulus normally is a chemical one emanating from 
the liver; On the other hand . the immediate i�rease in hemoglobin 
might be due to other factors than an increased production; It is well 
known that at high altitudes there occurs an immediate increase in the 
red oorpuaelea ·through contraotion of' the spleen� It has also been 
shown by Barcroft ( 1928 ) that a deficiency of hemoglobin or of' oxygen 
causes the spleen to contract , thus increasing the number of erythro­
cytes in the blood . 
With an increase in the carbon dioxide tension the ability 
of' the fish to extract oxygen was apparently increased. This is not 
what one would have expected on the basis of knowledge of the 
physiology of respiration in general. Hickman (1929 ) found that the 
ability of goldfish to obtain oxygen decreases as the carbon dioxide 
tension of the water increases . However, the tensions employed by 
Hickman were several times greater than those met with in these ex­
periments . At the carbon dioxide tensions met with in this work the 
blood was doubtless close to the isoelectric point, but slightly on 
the acid side. As the carbon dioxide tension of the water increased, 
the carbon dioxide content of the blood would increase (Powers, 
Hopkins . and Hickman, 1932 ) . However , in a buffered solution the 
acidity would not increase with an increase in carbon dioxide if 
more alkali reserve were available;  so that a shift to the acid side 
or the isoeleotric point cannot be explained purely on the basis of 
increased carbon dioxide tension of the experimental water. The 
que stion thus ari se s a s  to what other factors might play a part in 
thi s inc rease in the ac idity of the blood . A pos si.ble explanation 
is to be found in the · decreasing oxygen tension of the wate r. It i s  
known that with a decrease i n  oxygen tensi on the alkali re serve of 
the blood of man decrease s (Y .  Henderson . 1925 ) : should a similar 
change oc cur in fish blood • with a decreasing oxygen tension the 
increasing carbon dioxide tensions of the water would cause a ri se 
in hydro gen ion c oncentration of the blood which would not be com­
pensated for by the buffer action of additional alkali . Thus the 
pH of the blood would be shifted to the acid side . 
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It has been pointed out by C lark (1925) that . " • • •  the i so-
electric point of an amphoteric eleotrolyte i s  a point at or near which 
there should tend to occur maximal or minimal propertie s  ot its solu­
tion. " T�eretore . on either side of the ' i soelectrio point the capa­
city of the blood to load with oxygen would be increased� It appears 
that on the acid side thi s effect i s  soon overcome b7 the increasing 
acidity of the blood as slightly higher tensions of carbon dioxide are 
met with • thus preventing the normal loading of oxygen. That is • with 
higher carbon dioxide tensions of the water the actual loading of hemo­
globin i s  prevented by diffusion or carbon dioxide from the water into 
the blood . rather than in the rever se direction as it should. Thus . if 
the blood in the gill s is subjected to higher carbon dioxide than in the 
tis sue s  • the blood would not load but would tend to tmload oxygen. 
Apparently in the se experiment s we are dealing with fish whose blood i s  
increasing i n  oxygen carrying capacity with slight increase s in carbon 
dioxide tension� Thi s would account for the fac·t that as far as the se 
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experiments were carried 1 and increased carbon dioxide tension of the 
water increased the ability of the fish to extract oxygen. Had the ten­
sions been greatly increased , it would have been expected tha.t the abil­
ity of the fish to obtain oxygen �uld have been reduced as was found 
by Hickman�l929 ) .  
The increased carbon dioxide tension of the water would be 
expected to increase the carbon dioxide tension of' the blood as has 
been pointed out . Thus the diffusion pressure of carbon dioxide would 
be increased; and it would be expected , as was f<?und in these experi­
ments , that the carbon dioxide of the swim-bladder would increase . 
Oxygen i s  deposited into the �bladder of the fish by 
the mechanism of the rete mirabile as de scribed by Powers ( 1932 ) ;  
With an increase in the carbon dioxide tension of the blood the oar­
bon dioxide tension of the gas gland would be increased. As this ten­
sion in the rete mirabile increases it tends to drive oxygen out of so­
lution. Furthermore 1 in these experiments the carbon dioxide tension 
increases in the blood were of such a definitely amall degree that the 
efficiency of the hemoglobin to load oxygen was increased. In this man­
ner the actual oxygen content of the blood probably was greater. As 
the blood reaches the rete mirabile the exchange of gases would take 
place as described by Powers (1932 ) , with the result that the oxygen 
tension would be still more increased� Thus it seems that all factors 
herein considered would tend to increase oxygen deposition in the Bw.im-
bladder. 
No particular relation exists between oxygen of the water 
and oxygen of' the swim-bladder. This is in agreement with the facts 
known in regard to the oxygen dissociation curves f'or human hemoglobin 
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( Barcroft , 1928 ) and the dissooiat�on curve for the blood of the 
yellow cat (Powers and Hickman, 1932 ) � The curves given by Powers 
and Hickman show that the hemoglobin i s  very nearly saturated at low 
oxygen tensions , even in the presence of oarbon dioxide tensions much 
higher than normal. The mechanism of oxygen deposition into the swim-
bladder does not depend upon a blood that is  saturated ,  since the 
oxygen tension can be and is  raised by the exchange of carbon dioxide 
between the gas gland capillaries ;  and therefore it would be expected 
that even with a blood not tully saturated a continuous deposition 
of oxygen would take place . 
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SUMMARY 
·1. The hemoglobin of the blood of the blue bream, Lepomis 
pallidus ( Mitchill) , increases as the carbon dioxide tension 
of the water increases .  
2 �  The experiments described do not indicate any relation between 
oxygen content of the water and hemoglobin content of the blood. 
3. When exposed to increasing carbon dioxide tensions ranging from 
. 17 to . 7•% of an atmo�phere the ability of the blue bream to ex­
tract oxygen increases .  It is  suggested that this is  due to changes 
'Which occur around the isoelectric point of fish blood , and is di­
rectly associated with the ability of the hemoglobin to load oxygen. 
4.  The per cent oxygen of the swim-bladder increases with e.n in­
crease in the carbon dioxide tension of the water. 
5. The per cent oxygen of the swim-bladder is not related to the 
oxygen content of the water at the end of the experiments� 
6 �  The per cent carbon dioxide of the BWim•bladder increases as the 
carbon dioxide tension of the water increases .  
3� . 
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TABLE NO . I. DATA ARRANGED ACCORDING TO INCREASE IN C02 TENSION 
OF WATER. 
36. 
C02 Tension 02 Water ; Hemoglobin , Swim-bladder gases· 
Exp. H20 ,  nun. Hg. ml .  per L. grs . per % C02 % 02 100 cc .blood 
87 . 254 4.528 5 . 18 1 .00 2 �49 
-
89 1 . 306 . 686 8.04 .76  2 .08 
88 1 . 370 . 551 7 . 38 1 . 24 3 . 81 
I 
82 1 .435 .753 . 8 .43 . 92 1 . 16 
84 1�504 .558 10. 23 2 . 65 1 . 10 
85 1.576 .406 8 .78 3 . 14 1.04 
76  1 . 576  . 271 10 . 15 .56 . so 
- - - -
81 1.576 .737 . 9.46 
I 
(16 1 . 651 .473 5 . 35 1 . 83 3 .73 
( 
(17 1 � 651 .473 6 .64 
- - - -
: 
I 
90 1 . 651 . 542 7 . 14 2 • . 95 1 . 31 
93 1. 691 . 609 6.89 1�17 2 . 93 
i 0 1 .731 . 136  6� 94 
- - --
( 
. 
( 1 1 .731 . 136 8 . 60 -- - -
c 2 1 .731 . 252 
-- 1�40 6.27 
( 
( 3 1.731 . 252 5 . 82 -- - -
39 1 .731 4.648 11 � 94 3.35 2 . 32 
(12 1 .772 ;231 5.07 - - --
( 
(13 1 . 772 �231 5 .74 4.70 2 . 88 
83 1 . 814 . 548 9 .02 -- --
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TABLE NO . I .  (CONTINUED) 
Exp. 
co2 Tension 02 Water; Hemoglobin , Swim-bladder gase s 
..H20 , nun. Hg. ml .  per L. grs .  per % C02 % 02 100 cc .blood 
__( 4 1 . 901 . 113 11� 82 1;62 4 .74 
( 
( 5 1 . 901 .113 8 .05 2 . 86 1.47 
75 1 . 945 . 582 9�60 1.02 1.68 
- -
(28 2 .039 . 510 1.75 4 .97 
( I 
( 29 2 . 039 �610 3 . 99 2 .00 4 . 65 
I 
86 2 .039 .429 11.48 -- - -
91 2 .087 .458 9 � 36 � 77 2 . 98 
{24 2 .136 .529 7 .01 1 .17 13. 63 
( 
( 25 2 .136 . 529 6.08 1 . 87 11. 00 
92 2 . 136 .482 5 . 26 .• . 63 2�_63 
77 2 . 292 .463 6-.82 .42 5.93 
I 
78 2 . 346 .445 10�36 3 �00 1 . 88 
_(20 2 .458 �438 6.20 o.oo _._91 
( 
( 21 2 .458 .438 6 .01 1 . 84 11. 24 I 
72 2 .458 . 810 9 . 50 1 . 31 I 6�2 
73 2 . 576 .583 11 .76 . 59 3. 65 
_(14 2 .576 .360 6 .34 1�41 
I 
13�80 
( 
(15 2 . 576 .360 5 . 24 2 � 12 13.75 
33 2 . 576  .565 11_ .. 27 1.40 �--21 I 
74 2 . 637 .396 13 .33 - - - -
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TABLE NO. I .  (CONTINUED) 
Exp. 
C02 Tension o2 Water; · Hemoglobin, Swim-bladder gases 
U20 .  mm. Hg.  ml. per L. grs .  per % C� % 02 100 cc .b1ood 
80 2 . 637 . 581 10. 20 1 ;20 3 . 02 
� 
34 2 .763 1 .113 6.01 1 . 24 5 � 94 
51 2 .764 :224 -- 3.37 4.45 
( 18 2 .828 . 271 7 � 83 o.oo . 13 
( 
(19 2 .828 .271 4 .18 2 .46 . 12 
( 22 2 . 828 .431 6.77 1�54 3 .46 
� ' 23 2 . 828 .431 7 .75 2.74 9�02 
30 2 � 896 . 360 9�08 2 .86 3 . 30 
31 2 . 896 . 268 8 . 89 1;27 3 .38 
32 2 .965 . 297 7.62 1 .16 3�04 
35 3.036 .513 10;52 -- --
52 3 .108 .414 11;_57 2 . 88 3.73 
54 3�108 . 396 11;38 1.38 8�55 
I 
66 3 .108 � 360 -- 1; 86 2 .71 
I 
79 3 .107 ;346 10�20 2�89 1;07 
(26 3 .201 .711 6�60 2 .38 1 . 66 
( 
( 27 3 . 201 �711 5 . 85 -- --
44 3.333 . 338 10�90 : 1.00 2 �00 
46 3�493 �439 12. 07 1 .95 4.35 
42 3.493 . 269 9 .84 -- --
39 .  
�LE NO . I .  (CONTINUED) 
I I 
COS Tension 02 Water; Hemoglobin, �bladder gases Exp. I H2 . , mm. Hg. ml.. per L. grs .  per % C02 % 02 
100 cc .blood 
53 3 .494 �408 9�51 1.16 6 .70 
59 3 �494 .324 8�04 3�10 3�30 
( 10 3 .579 � 141 6�51 3 . 62 2.01 
( 
( 11 3�579 . 141 8�05 2.01 s;s7 
37 3 . 663 .300 8.02 4.17 3 .44 
41 3.663 .497 12.23 1 ... 38 7.10 
� 
( 6 3.747 .235 5.28 � 81 13. 37 
� 
7 3.747 . 235 8 . 84 3�00 7�43 
8� 90 I ( 8 s;747 . 168 1 �70 --
I 
I 9 3.747 . 168 8 .31 1�02 12;31 
55 3 �748 .523 12 .23 2 �31 19;so 
58 3.748 .404 10. 52 1.56 .37 
36 3 .836 . 256 8;1a 1 . 51 I 2.10 
46 3 . 836 .313 11. 88 1 � 30 3�96 
38 3 .926  �506 10.11 ... 50 2�82 
40 3 . 926 .299 6� 61 . as 1 .72 
47 3 .926 . 345 12 �41 13 � 22 2 . 06 
49 3 .926 .403 s;so 2 . 77 7. 24 
60 3 � 928 .407 -- 2. 90 2 �39 
43 4.020 .330 8 .72 1 . 12 2 .79 
40. 
TABLE NO � I .  (CONTINUED) 
co2 Tension Oz Water ; Hemoglobin , Swim-bladder gases 
Exp .  H20 ,  mm .  Hg. ml. per L. grs . per % COz % 01 
100 oc .blood 
57 4.022 �224 --- 3.56 2 .43 
48 4.217 . 279 11 .16 3 .20 8.99 
50 4.414 . 326 6. 68 1 .28 4.81 
61 4�416 �382 13.20 1.94 4. 27 
64 4.416 .243 11�71 4�37 4;55 
66 4.416 . 283 8;.42 I 1 .01 12.01 
68 4�416 .390 --- 3.23 4�85 
65 4�627 �277 12.05 1.90 6 .43 
63 4. 627 �400 11�57 1�59 5 . 89 
71 4.737 .427 --- 3�88 2 .86 
70 4. 964 ;427 8 .15 2 �60 5 � 92 
69 5.326 ;325 --- 3.85 4 .08 
: 
62 5 .579 .409 9.71 2.81 2 . 97 
67 5.579 . 387 1o;oo .97 10� 35 
41. 
TABLE NO . II . DATA ARRANGED ACC ORDil-TG TO INCREASE IN OXYGEN 
CONTENT OF WATER 
Exp. 
02 Water ;  C OS Tension Hemoglobin . Swim-bladder gases ml. per L� H2 • :mm. Hg. grs .  per % C02 % 02 
100 cc .blood 
(4 �113 1. 901 11.82 1 � 62 4.74 
�
5 .113 1�901 8.05 2 .86 1�47 
(0  .136 1.731 6.94 - - - ---
�1 . 136 1.731 8. 60 - - - ---
(10 .141 3.579 6�51 3 . 62 2 .01 
� 
(11 .141 3 .579 8.05 2.01 5 .37 
(8 �168 3.747 8� 90 1�70 ---
�
9 .168 3�747 8.31 1.02 12 .31 
51 .224 2 .764 --- 3� 37 4.45 
57 ;224 4�022 - - - 3 .56 2 .43 
(12 �231 1.772 5.07 --- ---
� 
(13 .231 1.772 5.74 4�70 2 �88 
(6  ;235 3.747 5 . 28 �81 13�37 
�
7 .235 3�747 8.84 3.00 7.43 
64 .243 4.416 11.71 4.37 4.58 
(2 .252 1�731 --- 1�40 6�27 
�
3 .252 1 .731 5.82 --- - - -
36 .266 3.836 8.78 1.51 2.10 
31 .268 2 .896 8 .89 1.27 3 . 38 
.2 .269 3.493 9 .84 --- - - -
42 . 
TABLE NO. II . (CONTINUED) 
�. water; C02 Tension Hemo globin . Swim-bladder gase s 
Exp .  � per L. H2o .  IIDil. Hg . grs .  per % C02 % 02 
100 cc .blood 
76 1 . 576 I 10.15 . 56 . so . 271 
t 
( 18 . 271 2 . 828 7 . 83 0 . 13 
t 
�12 ( 19 .271 2 . 828 4.18 2�46 
65 � 277 4. 627 12. 05 1 . 90 6.43 
48 . 279 4. 217 11 . 16 3 . 20 8 .99 
66 . 283 4.416 8.42 1 .01 12.01 
I 
32 . 297 2. 965 7.52 1.16 3 .04 
40 . 299 3 .926 6 . 61 . as 1 .72 
37 .300 3 . 663 8 .02 4 .17 3.44 
46 � 313 3 . 836 11.88 1 . 30 3.96 
59 ; 324 3 .494 8 .04 3.10 3 . 30 
� 
69 . 325 5 . 326 --- 3. 85 4 .08 
50 . 326 4 .414 6 . 68 1.2S 4.81 
43 . 330 4.020 8.72  1.12 2 . 79 
44 �338 3 . 333 10. 90 1 . 0  2 . 00 
47 . 345 3 . 926 12 . 41 13. 22 2 . 06 
79 . 346 · 3 .107 10. 20 2;ssr 1�07 
( 14 . 360 2 . 576 6� 34 1�41 13.80 
� ( 15 .360 2 . 576 5 . 24 2.12 1 .21 
30 . 360 2. 896 9.08 2� 86 3 . 30 
TABLE NO. II.  (CONTINUED ) 
02 Water C02 Tension Hemoglobin , Swim-bladder gase s 
Exp. ml .  per L. H20 ,  mm. Hg. grs . per % C02 % 02 
100 oc .blood 
56 . 360 3 . 108 - - - 1�86 2 .71  
61 . 362 4.416 13 .20 1�94 4 .27 
67 � 387 5 .579 10.00 ; 97 10�35 
68 . 390 4.416 --- 3 .23 4.85 
54 . 396 3 . 108 11 .38 1.38 8�55 
74 .396 2 . 637 13 . 33 - - - -- -
63 �400 4. 627 11 .57 1.59 5 � 89 
49 �403 3.926 8 .50 2 .77 7 . 24 
58 .404 3.748 10. 52 1 �56 . 37 
-
85 .406 1 .576 8.78 3.14 1 .04 
60 .407 3 .928 - - - 2.90 2 . 39 
53 �408 3 .494 9 .51 1.16 6 .70 
62 �409 5 .579 9.71 2 . 81 2 .97 
52 .414 3 .108 11. 57 2.88 3.73 
70 �427 4 .964 a;15 2. 60 5 . 92 
I 
as .429 2 .039 11:48 - - - -- -
( 22 .431 2 . 828 6 .77 1�54 3 .46 
l 
( 23 .431 2 �828 7 .75 2.74 9 .02 
( 20 ;438 2;458 6�20 .;oo • •  91 
{ 
( 21 �438 2 �458 6�01 1 �84 11;24 
TABLE NO. II. (CONTINUED) 
02 Water C02 Tensio:a Hemoglobin. Swim-bladder gasef 
Exp� m.l .  per L� H20 •  DDn. Hg. grs .  per % C02 % 02 
100 co .blood 
45 .439 3 .493 12.07 1 �95 4.35 
78 �445 2�346 10.36 3 .00 · 1;8s 
91 �458 2 .087 9 . 36 ;77 2�98  
77 �463 2 .292 6. 82 ;42 5 . 93 
(16 :473 1 � 651 5 �35 1 .83 3.73 
� I (17 �473 1. 651 6. 64 - - - - - -
92 .482 2 .136 5 .26 . 63 2 .63 
41 �497 3 .663 12 . 23 ' L$8 7 .10 
38 . 506 3.926 10�11 ;:so 2 . 82 
� 
( 28 �510 2.039 - -- 1.75 , 4 . 97 
� ( 29 . 510 2.039 3 .99 2 .00 4 . 65 
35 .513 3.036 10.52 -- - -- -
55 .523 3.748 12 .23 2 . 31 19 .80 
(24 �529 2 .136 7 .01 1.17 13. 63 
\ 6�08 (25 �529 2 . 136 1 . 87 11. 00 
90 . 542 1. 651 7 . 14 2 . 95 1.31 
83 �548 1.814 9�02 - - - - --
88 ;ss� 1.370 J.'l�38 1�21 z:e1: 
84 ;558 1;504 10.23 2 . 65 1;1o 
33 ;s6s 2 .576 11�27 1.40 1';21 
TABLE NO� II. (CONTINUED� 
02 Water C02 Tension Hemoglobin . S�bladder gases 
Exp . ml .  per L. H2o • .  mm. Hg . grs . per % C� % 02 
100 cc .b1ood 
80 . 581 2 . 637 10. 20 1 ; 20 3 . 02 
75 ;582 1 . 945 9 . 60 1 � 02 1 . 68 
73 ;s83 2 . 57 6  11 . 7 6  . 59 3 . 65 
93 . 609 1 . 691 6 � 89 1 . 17 2 . 93 
89 . 686 1 � 306 8 . 04 . 7 6  2 �08 
(26 .711 3 . 201 6. 60 2 . 38 7 . 66 
··� 
:711 (27 3 . 201 5. 85 - - - - - -
81 .737 1 . 576 9 .46 - - - ---
82 �753 1 .435 8 .43 . 92 1 . 15 
72 . 810 2. 458 9�50 1 . 31 6 . 12 
34 1 . 1 1 3  2 . 763 6 . 01 1 . 24 5 . 94 
87 4 . 528 �254 5. 18 1 . 00 2 .49 
39 4. 648 1 . 7 31 11� 94 3 . 35 2 . 32 
TABLE NO; III . DATA ARRANGED ACCORDING TO PERCENT INCREASE IN 
CARBON DIOXIDE OF SWIM-BLADDER 
s�-bladder gase s C02 Tension 02 Water Hemoglobin , 
Exp .  % C02 % 02 H20 ,  IIDile Hg. ml .  per L. grs .  per 
100 cc . blood 
20 00 . 91 2 .458 .438 6 .20 
18 00 . 13 2 . 828 � 271 7 . 83 
77 .42 5.93 2 . 292 .463 6�82 
38 �50 2 . 82 3 . 926 .506 10.11 
76 . 56 . so 1.576 . 271 10.15 
73 �59 3 .65 2 . 576 . 583 11.76 
92 � 63 2 . 63 2 .136 �482 5 . 26 
89 .76 2 .08 1 . 306 . 686 8 .04 
91 �77 2 . 98 2 .087 .458 9 . 36 
6 . al 13. 37 3 . 747 .235 5 .28 
40 . as 1 .72 3 .926 . 299 6�61 
82 �92 1 .15 1 .435 .753 8.43 
67 �97 tl.0. 35 5.579 � 387 10.00 
44 1 . oo 2 .00 3 . 333 . 338 10.90 
87 1.00 2 .49 . 254 4.528 5 . 18 
66 1 .01 12 .01 4�416 �283 8 .42 
9 1 .02 12�31 3 .747 ;168 8;31 
75 1.02 1 . 68 1 .945 ;582 9 . 60 
43 1 .12 2 .79 4.020 . 330 8 .72 
32 1 .16 3.04 2 . 965 . 297 7 .52 
53 1 . 16 6 .70 3 .494 �408 9 �51 
4:6 . 
! 
47. 
TABLE NO. III.  (CONTINUED ) 
Swim-bladder gase s C02 Ten_sion 02 Water Hemo gl obin , 
Exp. % C02 % 02 H20 ,  mm. Hg . ml. per L. , gr s .  per 
100 co .blood 
24 1.17 13 . 63 2 .136 . 529 7 �01 
93 1 . 17 2. 93 1. 691 . 609 6 . 89 
80 1 � 20 3 .02 2 . 637 .581 10.20 
34 1 . 24 5 . 94 2 .763 1.113 6 .01 
88 1 .24 3 . 81 1�370 .551 7 . 38 
31 1;27 3 . 38 2 . 896 . 268 8 . 89 
50 1 .28 4. 81 4.414 ;326 6 . 68 
46 1 � 30 3 .96 3 . 836 .313 11. 88 
72 1 .31 6.12 2�458 .810 9.50 
41 1� 38 7�10 3� 663 �497 12.23 
54 1.38 8 .55 3.108 .396 11. 3 8  
2 1 �40 6.27 1.731 � 252 - - -
33 1 .40 1.21 2 . 576 �565 11�72 
14 1.41 13. 80 2 .576 �360 6�34 
36 1 .51 2 .10 3 . 836 . 256 8 .78 
22 1 .54 3 .46 2 . 828 �43� 6�77 
58 1.56  . 37 3.748 �404 10.52 
I 
63 1�59 5 . 89 4. 627 :400 11 �57 
4 1.62 4.74 1�901 ;113 11 . 82 
8 1.70 --- 3.747 ;168 8�90 
48 . 
TABLE NO; III � (CONTINUED) 
Swim-bladder gases C02 Tension 02 Water Hemoglobin, � 
Exp. % C02 % 02 H20 , .  mm.. Hg. ml .  per L. grs.  per 
100 co .blood 
28 1 .75 4. 97 2�039 ;510 ---
16 1 . 83 3.73 1�651 �473 5.35 
21 1 .84 11 . 24 2�458 �438 s.o1 
56 1 .86 2 .71 3 .108 .360 ---
25 1 .87 11.00 2 . 136 �529 s .os 
65 1 . 90 6.43 4. 627 . 277 12.05 
61 1 . 94 4�27 4.416 . 362 13�20 
45 1 . 95 4 . 35 3 .493 �439 12 �07 
29 2 .00 4. 65 2 .039 . 510 3 . 99 
11 2 .01 5.37 3.579 � 141 8�05 
15 2 � 12 13.75 2 .576 . 360 5 . 24 
55 2 . 31 19 . 80 3 .748 .523 12 . 23 
26 2 . 38 7 . 66 3. 201 .711 6 . 60 
19 2 .46 .12 2 . 828 ;271 4 .18 
70 2 . 60 5.92 4.964 �427 8.15 
84 2 . 65 1;1o 1�504 �558 10. 23 
23 2 .74 9.02 2.828 �431 7 �75 
49 2 .77 7 �24 3 . 926 .403 8.so 
62 2 .81 2 . 97 5 .579 .409 9 . 71 
5 2 . 86 1 .47 1�901 ;113 8�05 
30 2 .86 3 � 30 2 . 896 .360 9 .08 
49 . 
TABLE NO. III . (CONTINUED) 
Swim-bladder gases C02 Tension o2 Water 
� Hemoglobin. 
Exp. % C02 % 02 H20 •  mm. Hg. ml .  per L. grs . per 
100 cc .blood 
52 2 �88 3.73 3 .108 �414 11� 57 
79 2 . 89 1 .07 3 . 107 . 346 10� 20 
60 2 . 90 2 . 39 3 . 928 .407 - - -
90 2 . 95 1 . 31 1.651 �542 7 . 14 
7 3 .00 7 .43 3 .747 ;235 8 . 84 
78 3 .00 1.88 2 . 346 .445 10. 36 
59 3 . 10 3 �30 3 .494 .324 8.04 
85 3 .14 1.04 1 . 576 �406 8.78 
48 3 . 20 8 . 99 4.217 . 279 11 .16 
68 3 . 23 4 .85 4.41.6 . 390 - - -
39 3 .35 2 .32 1 .731 4 . 648 11 . 94 
51 3 . 37 4.45 2.764 . 224 ---
I 
57 3.56 2.43 4.022 . 224 - --
10 3 . 62 2 .01 3 . 579 . 141 6 .51 
69 3 . 85 4.08 5 . 326 . 325 ---
71 3 .88 2 .86 4.737 �427 -- -
37 4.17 3.44 3.663 . 300 8.02 
64 4. 37 4.58 4.416 .243 11.71 . 
13 4.70 2 . 88 1 .772 �231 5 .74 
47 13. 22 2 .06 3 . 926 . 345 12.41 
TABLE NO. IV • DATA ARRANGED ACCORDING TO PERCENT INCREASE IN 
OXYGEN IN SWIM-BLADDER 
Swim-bladder gases C02 Tension 02 Water Hemoglobin, 
Exp. % 02 % C02 H20 ,  nun. Hg. ml. per L. grs .  per 
100 cc .blood 
19 . 12 2 .46 2 . 828 . 271 4 . 18 
18 . 13 00 2 . 828 . 271 7�83 
58 . 37 1 .56 3 .748 .404 10.52 
76 . so .56 1 .576 . 271 10. 15 
I 
20 . 91 00 2 .458 .438 6. 20 
85 1.04 . 3 . 14 1 .576 .406 8 .78 
79 1 �07 2 . 89 3;107 . 346 10. 20 
84 1.10 2 . 65 1.504 .558 10.23 
82 1 .15 . 92 1 .435 ;753 8.42 
33 1.21 1�40 2.576 . 565 11 . 27 
90 1 . 31 2 .95 1 . 651 .542 7 . 14 
5 1�47 2 . 86 1. 901 .113 II 8.os 
75 1. 68 1 .02 1 . 945 .582 9 � 60 
40 1.72 . as 3 .926 . 299 I 6�61 
78 1 . 88 3.00 2 . 346 �445 10. 36 
I 
44 2 .00 1.0 3 . 333 � 338 10. 90 
10 2 .01 3 . 62 3 . 579 .141 p;51 
I 
47 2 . 06 13. 22 3. 926 . 345 12 .41 
89 2 . 08 .76 1 . 306 . 686 8�04 
36 2 .10 1�61 3 . 836 . 256 8 .78 
60 2 . 39 2 . 90 3 . 928 .407 ---
50 . 
1 1 
' 
51 . 
TABLE NO� IV. (CONTINUED) 
Swtm-bladder gases C02 Tension 02 Water Hemoglobin , · Exp . % 02 % C02 H20 ,  nnn. Hg. ml. per L .  grs . per 
100 cc .blood 
39 2 . 32 3 . 35 1 .731 4. 648 11 . 94 
57 2.43 3 .56 4 .022 . 224 - - -
87 2 . 49 1 .00 . 254 4. 528 5 .18 
92 2 . 63 . 63 2 .136 �482 s;26 
I 
56 2�71 1 . 86 3 . 108 .360 - - -
43 2.79 1.12 4.020 � 330 8 .72 
38 2 . 82 �50 3 .926 �506 10�11 I 
71 2 .86 3 . 88 4.737 �427 ---
13 2 . 88 4.70 1 .772 . 231 5 . 74 
93 2 . 93 1.17 1 . 691 . 609 6.89 
t 
62 2 . 97 2 . 81 5 . 579 �409 9.71 
91 2 . 98 .77 2 .087 �458 9 . 36 
.. 80 3 ;02 1 �20 2. 637 �581 10.20 
i 
32 3 .04 1�16 2 . 965 . 297 7 .52 
59 3 .30 3 . 10 3.494 � 324 8.04 
30 3 . 30 2 .86 2 . 896 . 360 9 .08 
31 3 . 38 1 . 27 2 . 896 �268 I 8 . 89 
37 3 .44 4.17 3 . 663 �300 8 .02 
22 3�46 1�54 2. 828 ·;431 6�71 
73 3 .65 ;59 2 . 576  :s83 11�76 
52 .  
TABLE NO • IV. (CONTINUED) 
Swim-bladder gases C02 Tension 02 Water Hemoglobin • .  
Exp. % 02 % C02 H20 , mm. Hg. m.l. per L. grs .  per 
100 cc .blood! 
16 3 .73 1 . 83 1 . 651 .473 5 . 35 
52 3 .73 2 . 88 3 . 108 .414 11. 57 
88 3 . 81 1 . 24 1 . 370 . 551 7 . 38 
46 3 . 96 1 . 30 3 . 836 . 313 11. 88 
69 4 .08 3 . 85 5.326 . 325 ---
61 4 . 27 1 �94 4.416 . 362 13 .20 
45 4 . 35 1 . 95 3 .493 .439 12.07 
51 4.45 3 . 37 2 .764 .224 ---
64 4.58 4 . 37 4.416 .243 11 .71 
29 4 .65 2 . 00 2 . 039 . 510 3 .99 
4 4.74 1 .62 1 . 901 . 113 11 . 82 
50 4.81 1 .28 4 .414 ;326 6. 68 
68 4;85 3 . 23 4.416 .390 - - -
i 
28 4. 97 1.75 2 .039 . 510 : - --
11 5 . 37 2 .01 3 . 579 �141 I 8.05 
I 
63 5 � 89 1 .59 4. 627 �400 � 11. 57 
I 
70 5 . 92 2 .60 4 . 964 �427 8�15 
77 5 . 93 �42 2 . 292 .463 6. 82 
34 5 . 94 1 . 24 2 .763 1 . 113 6.01 
72 6 .12 1 .31 2 .458 � 810 9 . 50 
53.  
TABLE NO • TV • (CONTINUED) 
Swim-bladder gases C02 Tension 0� Water Hemoglobin, : 
Exp . % 02 % C02 H20 , . mm. Hg. m • per L. grs .  per ! 
100 ee .blood 
2 6�27 1 .40 1.731 . 252 ---
65 6 .43 1 .90 4. 627 .277 12.05 
53 6.70 1 . 16 3 ;494 �408 9 . 51 
41 7.10 1 .38 3 . 663 .497 12 . 23 
. 49 7 .24 2�77 3 . 926 �403 8 .50 
7 7 .43 3.00 3 .747 . 235 8.84 
26 7 . 66 2 .38 3 . 201 ;711 s . so 
54 8 . 55 1.38 3.108 . 396 11�38 
48 8 .99 3 . 20 4. 217 . 279 11 .16 
23 9�02 2 . 74 2 .828 �431 7 .75 
67 10�35 . 95 5 .579 �387 10�00 
I 
25 11.00 1�87 2 .136 . 529 6.08 : 
21 11. 24 1 .84 2�458 ;438 6�01 
I 
I 
66 12.01 1�01 4.416 : 283 8.42 
9 12 . 31 1;02 3 .747 . 168 8�31 
6 13. 37 . 81 3 .747 ; 235 5 ;28 
I 
24 13. 63 1 �17 2 .136 �529 7 �01 I 
15 13 .75 2 . 12 2 .576 �360 5 � 24 
14 13.80 1.41 2.576 . 360 6 .34 
55 19.80 2 . 31 3 .748 . 523 12 . 23 
TABLE NO. V. DATA ARRANGED ACCORDING TO INCREASE IN 
HEMOGLOBIN IN BLOOD 
54: . 
Hemoglobin, co2 Tension o2 Water s�-b1adder gases 
Exp . grs .  per H2o ,  mm. Hg. ml. per L. % C02 % o2 
100 co .b1ood 
29 3. 99 2 . 039 � 510 2 . 00 4�65 
19 4.18 2 . 828 . 271 2 .46 �12 
12 5 .07 1.772 .231 - - - - - -
87 5 . 18 . 254 4�528 1 .oo 2 .49 
15 5 .24 2 .576 . 360 2 .12 13.75 
92 5 . 26 2 .136 �482 . 63 2 . 63 
6 5 . 28 3�747 ;235 ; 51 13.37 
16 5 .35 1 � 651 ;473 1 . 83 3 .73 
13 5 . 74 1�772 • 231 4.70 . 2 . 88 
3 5 . 82 1 ;731 .252 - - - - - -
27 5.85 3 .201 . 711 - - - ---
21 6.01 2 .458 �438 1 � 84 11 . 24 
34 5;01 2 . 763 1 .113 1 .24 5 � 94 
25 6;o8 2 . 136 ;529 1 . 87 11 �00 
20 6�20 2 .458 �438 o.oo ;91 
14 6:34 2�576 �360 1 .41 13 . 80 
10 6.51 3 . 579 �141 3 . 62 2 . 01 
26 6 . 60 3 . 201 . 711 2 . 38 7 . 66 
40 6�61 3 .926 .299 . as 1 .72 
17 6 . 64 1 . 651 .473 --- ---
55 . 
TABLE NO. V. · (CONTINUED) 
Hemoglobin, C02 Tension 02 Water Swim-bladder gases 
Exp. grs.  per H20 ,  nnn. Hg. ml .  per L� % C02 % 02 I 100 co .blood 
50 6 .68 4.414 �326 1 .28· 4. 81 
22 6.77 2 � 828 ;431 1;54 3.46 
77 6�82 2 . 292 ;463 ;42 5.93 
93 5;59 1 �691 �609 1.17 2 � 93 
I 
0 6.94 1�731 .136 --- ---
··
24 7;01 2.136 ·�529 1 .17 13. 63 . 
90 7.14 1� 651 .542 2�95 1;31 
88 7 .38 1.370 �551 1 .24 3 . 81 
32 7 .52 2 . 965 . 297 1 . 16 3 .04 -
23 7.75 2 . 828 .431 2.74 9.02 
I 
18 7 .83 2 .828 . 271 0�00 .13 
37 8�02 3 .663 � 300 4.17 3 .44 
59 8.04 3 .494 � 324 3 . 10 3 . 30 
; 
89 8.04 1 .306 . 686 ;76 2 .08 
5 a.os 1 . 901 � 113 2 . 86 1�47 ' 
11 8;os I 3.579 �141 2 .01 5.37 I 
70 8. 15 4. 964 �427 2; 5o 5 . 92 
9 8�31 3 .747 �168 1�02 12 . 31 
66 8�42 4.416 . 283 1�01 12 .01 
82 8�43 1.435 .753 . 92 1 .15 
56.  
TABLE NO� V. (CONTINUED) 
I ' : 
Hemoglobin, C02 Tension � Water Swim-bladder gases 
Exp. grs . per H20 ,  nnn. Hg. • per L. % C02 % 02 
100 cc .b1ood 
49 8 .so 3 .926  .403 2 .77 7 . 24 
1 8 . 60 1.731 � 136 --- ---
43 8�72 4.020 . 330 1 . 12 2.79 
36 8.78 3 . 836 . 256 1 . 51 2 .10 
85 8.78 1 . 576 �406 3 . 14 1�04 
7 8 . 84 3 .747 � 235 3�00 7 .43 
31 8 . 89 2 . 896 :268 1.27 ' 3 . 38 
8 � 90 � 168 
I 
8 3 �747 1;70 ---
83 9�02 1.814 ;548 --- ---
: 
30 9.08 2 .896 .360 2 . 86 3 . 30 
91 9�36 2.087 �458 �77 ' 2 . 98 
I 
81 9.46 1�576 ;737 --- ---
72 9.50 2.458 . 810 1 .31 6�12 
i 
53 . 9 .51 3 .494 �408 1 .15 6 .69 
75 9 .60 1 ;945 �.582 1�02 1 .68 
62 9"�71 5'. 579 !�409 2 . 81 2 . 97 
42 9 .84 3 .493 .269 --- ---- · 
67 10.00 5 .579 . 387 ;97 10.35 
38 10�11 3�926 �506 ; so 2 .82 
76 10. 15 1 .576 �271 �56 ; so 
TABLE NO. V. (CONTINUED) 
Hemoglobin. COS 1ension 02 Water Sw±m-bladder gases 
I 
Exp. grs .  per H2 , mm. Hg. ml .  per L. % c o2 % oz 
100 cc .b1ood 
79 10. 20 3. 107 . 346 2 . 89 1 .07 
80 10.20 2 . 637 .581 1 .20 3.02 
84 10. 23 1 .504 . 658 2 . 65 1 . 10 
78 10. 36 2 . 346 �445 3 . 00 1 .88 
35 10. 52 3 .036 .513 --- ---
58 10.52 3 . 748 . ;404 1 .56 �37 
44 10.90 3 �333 . 338 1 .00 2 . 00 
48 11 .16 4 .217 . 279 3 . 20 8�99 
33 11. 27 2.576 .565 1�40 1 . 21 
54 11 . 38 3 . 108 . 396 1 . 38 8 .55 
86 11�48 2 .039 �429 --- ---
52 11.57 3 � 108 .414 2 . 88 3 .73 
63 11�67 4� 627 �400 1�59 5 . 89 
64 11.71 4�416 ;243 4. 37 4.58 
73 11.76 2 . 576 . 583 ;s9 3 . 65 
4 11. 82 1.901 . 113 1 . 62 4.74 
46 11.88 3 . 836 � 313 1 .29 3 . 96 
39 11. 94 1.731 4 . 648 3 . 35 2 . 32 
65 12 .05 4. 627 . 277 1 . 90 6�43 
45 12.07 3 .493 .439 1 . 95 4.35 
58 . 
TABLE NO. V. (CONTINUED) 
Hemoglobin , C02 Tension � Water Swim-bladder gases 
Exp. grs.  per H2o .  mm .  Hg. • per L. % C02 % Oz: 
100 co .blood 
41 12.23 3 . 663 .497 1 . 38 7 . 10 
55 12.23 3.748 .523 2 . 31 19.79 
47 12.41 3 .926 � 345 13 . 22 2 .06 
61 13 . 20 4.416 . 362 1 . 94 4.27 
74 13. 33 2 . 637 . 396 -- - - --
59 .  
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APPENDIX I .  
Table of factors for converting carbon dioxide 
partial pre ssure readings in mm. mercury to volumes per 
cent carbon dioxide , when: S = 10 ml . , gas volume = .5 ml . , 
and i ( reabsorption factor for carbon dioxide ) : 1.03.  
Temperature , Factor Log of factor 
Degrees  Centigrade 
20° .015586 8.19278 --10 
20.5° .015487 8 . 18996 -10 
21° .015389 8. 18721 - 10 
21 .5° .015344 8. 18594 -10 
22° .015299 8 . 18466 -10 
22 . 5° .015235 8 . 18284 -10 
23° .01517'2 8 .18104 -10 
23 .5° .015110 8 .17926 -10 
24° .015048 8. 17749 -10 
24.5° . 014988 8. 17574 -10 
25° .014928 8. 17400 -10 
25 .5° .014870 8. 17231 -10 
26° .014813 I 8. 17066 -10 
26.5° . 014763 8. 16917 -10 
27° .014713 8 . 16739 -10 
27 .5° .014663 8. 16622 -10 
28° .014613 8. 16474 -10 
28 .5° .014555 8 . 16301 -10 
29° .014498 8 .16132 -10 
29 .5° .014447 8. 15978 -10 
30° .014397 8. 15828 -10 
67 . 
I 
I 
